showed robust freezing during the 24 hr test. Figure that habituation might be a significant factor contributing to the behavior of control and mutant mice as the 1 shows that the freezing scores generated with the automated method matched well with visually scored conditioning progressed. Additionally, a group of control mice was subjected freezing.
For trace training, a mouse was placed in a conditionto pseudo-conditioning (see Experimental Procedures; these mice are labeled "pseudo" hereafter). Following ing chamber and, after 60 s, received the CS (white noise, 15 s), followed by a trace period (30 s) and the subsequent deliveries of the US, pseudo mice exhibited increasing levels of freezing ( Figure 2C ). This effect has US (foot shock, 0.5 s). The sequence was repeated ten times with an intertrial interval (ITI) of 210 s. Comparison been observed previously (Phillips and LeDoux, 1994; McEchon et al., 1998) . It has been interpreted as reof the freezing scores revealed that mutants froze significantly less than controls after the initial trial (ITI-1, 105-sulting from the association of the US with the background context, i.e., the static stimuli within the condi-315 s, mutant, 27.7% Ϯ 2.6%, control, 41.7% Ϯ 2.9%, p Ͻ 0.001, F 1,44 ϭ 13.2) and the subsequent two trials (ITI-2, tioning chamber (Phillips and LeDoux, 1994 The memory test for trace conditioning was conducted quickly caught up with that of controls, and by the end of the training session the scores from the two groups 24 hr after the training session. A mouse was placed in a novel chamber and, after 60 s, was exposed to the were not significantly different (ITI-10, 2400-2610 s, mutant, 66.6% Ϯ 4.0%, control, 67.8% Ϯ 4.8%, p ϭ 0.85, CS ten times (ITI of 210 s). Upon introduction into the chamber, mutants and controls showed elevated freez-F 1,44 ϭ 0.04). Since mice stayed in the conditioning chamber for over 40 min during the training session, it was ing compared to naive mice (pre-CS period, 0-60 s, mutant, 53.1% Ϯ 3.7%, control, 56.9% Ϯ 2.0%, naive, quite feasible that habituation also contributed to the increase of immobility. To measure habituation, we 24.0% Ϯ 4.1%; mutant versus naive, p Ͻ 0.001, F 1,28 ϭ 17.0; control versus naive, p Ͻ 0.0001, F 1,28 ϭ 62.0). This placed control mice that received neither CS nor US into the conditioning chamber for 43.5 min (these mice effect has been described as a generalization of the fear response. That is, rodents that have undergone strong are labeled "naive" hereafter). By the end of the session, the freezing scores of naive animals were only slightly fear conditioning are found to freeze upon mere exposure to environments that were not used for conditionless than those of controls and mutants (ITI-10, naive, 52.2% Ϯ 8.7%; control versus naive, p ϭ 0.1, F 1,28 ϭ 2.5;
ing. Unavoidable factors in the experimental environment, such as being manipulated by an experimenter, mutant versus naive, p ϭ 0.1, F 1,28 ϭ 2.8). This suggests being placed in a box that differs from the home cage, pseudo mice should also respond to the CS with enhanced freezing. However, this was not the case (Figand others, To demonstrate that the lack of enhanced freezing response displayed by the NR1-CA1-KO mice in the trace (84.6% Ϯ 3.1%) versus ITI-1 (84.3% Ϯ 2.9%) showed no statistical difference (p ϭ 0.9, F 1,44 ϭ 0.006). This conditioning paradigm was not due to an impairment in expressing the conditional response per se, we trained implies that controls did not extinguish their enhanced conditional response even after several exposures to a different set of mice in the delay fear conditioning paradigm (McEchon et al., 1998). In this paradigm, the the CS. The freezing of NR1-CA1-KOs increased gradually as the test advanced. By the end of the test, it was CS onset preceded the US and both stimuli coterminated. The training sequence consisted of ten CS/US only slightly below the freezing level attained by controls (ITI-10, 2100-2310 s, mutant, 75.9% Ϯ 2.3%, control, presentations with an ITI of 210 s. In this case, the freezing of mutants (n ϭ 13) was only slightly less than con-84.6% Ϯ 3.1%, p Ͻ 0.01, F 1,44 ϭ 11.6). Since similar gradual increases in freezing were observed in the naive trols (n ϭ 15) throughout the training session, without reaching statistical significance ( Figures 4A and 4B , and the pseudo groups, we attribute these slow rises to habituation to the test chamber.
overall scores: mutant, 60.8% Ϯ 5.8%, control, 69.0% Ϯ 3.2%, p ϭ 0.2, F 1,26 ϭ 1.6; ITI-1, 75-285 s, mutant, Finally, it was interesting to investigate whether the trace paradigm could be shortened. To this end we sub-47.8% Ϯ 8.2%, control, 49.4% Ϯ 5.2%, p ϭ 0.9, F 1,26 ϭ 0.03; ITI-2, 300-510 s, mutant, 51.4% Ϯ 6.9%, control, jected NR1-CA1-KOs (n ϭ 7), controls (n ϭ 7), and pseudo mice (n ϭ 10) to a training session of three 64.5% Ϯ 5.2%, p ϭ 0.1, F 1,26 ϭ 2.4; ITI-3, 525-735 s, mutant, 62.7% Ϯ 8.0%, control, 74.1% Ϯ 5.3%, p ϭ 0.2, CS-trace-US trials, instead of the previous ten trials. NR1-CA1-KOs froze somewhat less than controls during F 1,26 ϭ 1.4). This implies that NR1-CA1-KOs were able to freeze as efficiently as controls and were not exhibiting a training (data not shown). On the 24 hr test, however, the three groups had similar scores (data not shown).
generalized fear deficit during trace training. Additionally, we examined the behavior of delayOur results point to a behavioral dissociation in the trained mice during a 24 hr memory test ( Figure 4C) 
